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(54) CATALYST FOR POLYMERIZING CYCLIC OLEFINS AND PRODUCTION OF CYCLIC OLEFIN 
POLYMER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a cyclic olefin polymerization catalyst capable of realizing a high 
cyclic olefin conversion in an extremely small amount, and to provided a method for producing a high 
mol.wt. cyclic olefin polymer. 

SOLUTION: This catalyst for polymerizing a cyclic olefin comprises (A) a transition metal compound, (B) a 
compound capable of reacting with the transition metal compound to form an ionic complex, and (C) water 
or an acid. A method for producing the cyclic olefinic polymer comprises polymerizing a cyclic olefin in the 
presence of the catalyst. This method for producing the cyclic olefinic polymer comprises polymerizing the 
cyclic olefin in the presence of a catalyst comprising (A) the transition metal compound and (B) the 
compound capable of reacting with the transition metal component to form the ionic complex in water as a 
dispersing medium. 
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JP,10-130311 Machine Translation 

[Claim(s)] 

[Claim 1](A) A transition metal compound, a compound which reacts to the (B) transition metal 
compound and forms a complex of ionicity, and a catalyst for a cyclic olefin polymerization 
containing (C) water. 

[Claim 2](A) A transition metal compound, a compound which reacts to the (B) transition metal 
compound and forms a complex of ionicity, and a catalyst for a cyclic olefin polymerization 
containing (C) acid. 

[Claim 3]The catalyst for a cyclic olefin polymerization according to claim 2, wherein acid (C) is 
Broensted acid. 

[Claim 4]The catalyst for a cyclic olefin polymerization according to claim 3, wherein Broensted 

acid is inorganic acid. 

[Claim 5]The catalyst for a cyclic olefin polymerization according to claim 3, wherein Broensted 
acid is heteropoly acid or its hydrate. 

[Claim 6]The catalyst for a cyclic olefin polymerization according to claim 3, wherein Broensted 
acid is a carboxylic acid compound. 

[Claim 7]The catalyst for a cyclic olefin polymerization according to claim 3, wherein Broensted 
acid is phenol or phenols. 

[Claim 8]The catalyst for a cyclic olefin polymerization according to any one of claims 1 to 7, 
wherein a transition metal compound (A) is the 10th group transition metal compound. 
[Claim 9]The catalyst for a cyclic olefin polymerization according to any one of claims 1 to 7, 
wherein a transition metal compound (A) is a palladium compound. 

[Clakn 10]The catalyst for a cyclic olefin polymerization according to any one of claims 1 to 9, 
wherein a compound (B) which reacts to a transition metal compound and forms a complex of 
ionicity is a compound which generates an anion of non-ligating property by a reaction with a 
transition metal compound. 

[Claim 1 l]The catalyst for a cyclic olefin polymerization according to any one of claims 1 to 9, 
wherein compounds (B) which react to a transition metal compound and form a complex of 
ionicity are the following (Bl) - (B3) either. 

(Bl) Boron compound (B3) general formula (L-H) ^ expressed with boron compound (B-2) 
general formula G''(BQ^Q^Q^Q^) * expressed with general formula BQ^Q^QI (BQ^Q^Q^Q^^) A 
boron compound expressed with "(among a formula) B is a boron atom of a trivalent valence 
state, and - Q"^ A halogen atom, A hydrocarbon group containing 1-20 carbon atoms, a 
halogenated hydrocarbon group containing 1-20 carbon atoms. It is 2 substituted amino groups 
containing a substitution silyl group containing 1-20 carbon atoms, an alkoxy group containing 
1-20 carbon atoms, or 2-40 carbon atoms, and they may be the same or may differ. G"*" is a 
cationic acid-ized agent which can oxidize and can use a transition metal as a cation, or a cation 
which can draw out a ligand fi:om a transition metal compound. L is a neutral Lewis base and 
"^"^ is Broensted acid. 

[Claim 12] A manufacturing method of a cyclic olefin system polymer polymerizing in cyclic 
olefin using the catalyst according to any one of claims 1 to 1 1. 

[Claim 13](A) A manufacturing method of a cyclic olefin system polymer polymerizing in cyclic 
olefin by using water as a dispersing solvent using a catalyst containing a transition metal 
compound and a compound which reacts to the (B) transition metal compound and forms a 



complex of ionicity. 



[Translation done.] 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the manufacturing method of the catalyst for a 

cyclic olefin polymerization, and a cyclic olefin system polymer. 

[0002] 

[Description of the Prior Art]The cyclic olefin represented by norbomene polymerizes by various 
kinds of polymerizing methods, and giving the cyclic olefin system polymer which makes 
addition structure a subject is knovm. Generally such a cyclic olefin system polymer has a high 
glass transition temperature as compared with the un-aimular olefin system polymer. 
The application as a film or various mold goods is expected as high-heat-resistance resin. 

[0003] Various kinds of things are known as a manufacturing method of this cyclic olefin system 
polymer. For example, about the norbomene system polymer, the method of using Pd(C6H5 CN) 
2CI2 for a U.S. Pat. No. 3330815 specification at a catalyst is proposed. The method of using for 
JP,4-63807,A the catalyst which consists of a transition metal compound ingredient and an 
aluminoxane ingredient is proposed. However, there was a problem that catalytic activity was 
low in the former, in order to have to use a lot of aluminoxane for the latter, a lot of metal 
remained in the polymer, and there was a problem of becoming causes, such as degradation of a 
polymer and coloring. 

[0004]The method of manufacturing the cyclic olefin system polymer containing a copolymer is 
proposed using the catalyst which consists of a compoimd ingredient which reacts to a transition 
metal compound ingredient and a transition metal compound at JP,5-262821,A, and forms the 
complex of ionicity. Although this method is a method excellent in the point that comparatively 
high catalyst efficiency can be attained, without using co-catalysts, such as aluminoxane, so 
much. When it is the point that the inversion rate of cyclic olefin is low, and many, still, the point 
which needs use of the difficult organoaluminium compound of handling as a co-catalyst is not 
enough. 

[0005]The manufacturing method of the cyclic olefin system polymer using the catalyst which 
uses as the main ingredients the compound which reacts to a palladium compound and a 
transition metal compound at JP,7-304834,A, and forms the complex of ionicity as a method by 
which this problem has been improved is proposed. Although this method was excellent as a 
method which may polymerize in a high inversion rate in cyclic olefin, industrial still higher 
catalytic activity and improvement in the molecular weight of polymer obtained were desired. 
[0006]On the other hand, research which adds water to the polymerization system of the cyclic 
olefin using a transition metal compound is done until now. For example, in 
MacromoLSymp.89,433 (1995). [PdCCHsCHi CN) 4] In the polymerization of the norbomene 
which makes [BF4] 2 a catalyst, even if it adds water, it is proved that a polymer is obtained, but 
both polymerization activity and the molecular weight of a polymer obtained are falling 
compared with an additive-free system. Thus, the actual condition is not having found the 
satisfactory method at present still industrially about a cyclic olefin system polymer. 
[0007] 



[Problem(s) to be Solved by the Invention]This invention is made in light of the above- 
mentioned circumstances. That is, there is a technical problem of this invention in providing the 
method of manufacturing the catalyst for a cyclic olefin polymerization which realizes the 
inversion rate of high cyclic olefin with very a small amount of catalysts, and the cyclic olefin 
system polymer of the amount of polymers. 
[0008] 

[Means for Solving the Problem] As a result of repeating examination wholeheartedly that an 
aforementioned problem should be solved, this invention persons find out a catalyst which added 
water or acid to a specific catalyst system as one ingredient further, and came to complete this 
invention. Namely, a compound which this invention reacts to the (A) transition metal compound 
and the (B) transition metal compound, and forms a complex of ionicity. And a manufacturing 
method of a cyclic olefin system polymer which polymerizes in cyclic olefin using a catalyst for 
a cyclic olefin polymerization containing (C) water or acid and this catalyst is started. 
Furthermore, this invention starts a manufacturing method of a cyclic olefin system polymer 
which polymerizes in cyclic olefin by using water as a dispersing solvent using a catalyst 
containing the (A) transition metal compound and a compound which reacts to the (B) transition 
metal compound and forms a complex of ionicity. 
[0009] 

[Embodiment of the Invention]Hereafter, this invention is explained in detail. 
(1) The cyclic olefin used in cyclic olefin this invention is the compounds in which four or more 
carbon atoms which may have various kinds of substituents form a ring, and include one carbon- 
carbon double bond in this ring. As such cyclic olefin, cyclobutene, cyclopentene, Monocycle- 
like olefins, such as a cyclohexene; 3-methylcyclopentene, Substitution monocycle-like olefins, 
such as 3-methylcyclohexene; substitution many cyclic olefin, such as multi-cyclic olefin; 1- 
methyl norbomene, such as norbomene and a 1 and 2-dihydrodicyclopentadiene, and 5-methyl 
norbomene, is illustrated. 

[0010]Cyclic olefin desirable in these is the compoimds expressed with following general 
formula [I], 



(Among a formula, - R^^ may show the substituent chosen from the group which consists of a 
hydrogen atom, a halogen atom, a hydroxyl group, an amino group, and an organic group with 1- 
20 carbon atoms independently, respectively, and R^ R*^ and R^, and R^ may form a ring.) n 
shows zero or more integers. 

[001 l]Here as an example of an organic group with 1-20 carbon atoms which are the members of 
a substituent A methyl group, Alkyl groups, such as an ethyl group, a propyl group, a butyl 
group, a hexyl group, an octyl group, and dodecyl; A phenyl group, Aralkyl groups, such as aryl 
group; benzyls, such as a tolyl group and a naphthyl group, and a phenethyl group; A 
methylidene group, Alkylidene groups, such as an ethylidene group; Alkenyl group; methoxy 
groups, such as a vinyl group and an allyl group, alkoxy group [, such as an ethoxy basis, ]; — 



aryloxy group [, such as a phenoxy group, ]; - acyl group [, such as an acetyl group, ]• - a 
methoxycarbonyl group, alkoxycarbonyl group [, such as an ethoxycarbonyl group, ]; - acyloxy 
group [, such as an acetyloxy group, ]; - silyl group [, such as a trimethylsilyl group, ] 
(substitution); - a dimethylamino group, alkylamino group [, such as a diethylamino group, ]; - 
carboxyl group; -- cyano group; and the above-mentioned alkyl group. Some hydrogen atoms of 
an aryl group and an ARARU keel group can mention the basis replaced by a halogen atom a 
hydroxyl group, an amino group, the acyl group, the carboxyl group, the aikoxy group, the ' 
alkoxycarbonyl group, the acyloxy group, the silyl group (substitution), the alkylamino group or 
the cyano group. o- t-^ 

[0012]A desirable substituent An alkyl group with a hydrogen atom and 1 -20 carbon atoms an 
aryl group with 6-20 carbon atoms. An aralkyl group with 7-20 carbon atoms, an alkylidene 
group with 1-20 carbon atoms, They are an alkenyl group with 2-20 carbon atoms, an acyl group 
with 1-20 carbon atoms, an alkoxycarbonyl group with 1-20 carbon atoms, an acyloxy group 
with 1-20 carbon atoms, and a silyl group (substitution) with 1-20 carbon atoms 
[0013]As an example of desirable cyclic olefin expressed with general formula [I], Norbomene, 
i-methyl norbomene, 5-ethyl norbomene, 5-butyI norbomene, 5-phenyl norbomene, 5-benzyl 
norbomene, Tetracyclo dodecen, tricyclo decene, tricyclo undecene, Pentacyclo pentadecene 
pentacyclo hexa decene, ethylidene norbomene, 8-methyltetracyclo dodecen, 8-ethyltetracyclo 
dodecen, 5-acetyl norbomene, 5-acetyloxy norbomene, 5-carbomethoxy norbomene 5- 
ethoxycaibonyl norbomene, 5-methyl-5-carbomethoxy norbomene, 5-cyano norbomene 8- 
carbomethoxy tetracyclo dodecen, 8-methyl-8-carbomethoxy tetracyclo dodecen, 8-cyano 
tetracyclo dodecen, etc. can be enumerated. 

[0014]When polymerizing, these cyclic olefin is independent or they are used by plurality They 
are the range which does not spoil the outstanding character which a cyclic olefin system 
polymer has, i.e., the range in which the rate of the cyclic olefin in a total monomer generally is 
not less than 10 % of the weight, and a range which is not preferably less than 50 % of the 
weight. Using cyclic olefin and other existing copolymeric monomers together with cyclic olefin 
does not interfere at all. As an example of other starting monomers, ethylene, propylene 1 - 
butene, Alkenyl aromatic hydrocarbon, such as alpha olefin; styrene, such as 4-methylpentene- 1 
1-hexene, and 1-octene; The methyl vinyl ether, alkyl vinyl ether [, such as ethyl vinyl ether ]• -' 
unsaturation halogenated hydrocarbon [, such as VCM/PVC, ]; - methyl acrylate. Unsaturated 
mtrile, such as alpha, such as ethyl acrylate and methyl methacrylate, and beta-unsaturated- 
carboxyhc-acid-ester; acrylonitrile; carboxylic acid vinyl, such as vinyl acetate, etc. can be 
mentioned. 

[00I5](2) Transition metal compound (A) 

The (A) ingredient in the catalyst of this invention is a transition metal compound. A transition 
rnetal compound is a compound which has an element of the 6th fellows to the 1 1th fellows of 
the penodic table (an lUPAC inorganic chemistry nomenclature revised edition, 1989) here As 
an example of these 6th fellows to the 1 1th fellows' element, chromium, molybdenum, tungsten, 
manganese, iron, a mthenium, cobalt, rhodium, nickel, palladium, platinum, copper, silver etc 
are mentioned. Especially if it is a compound which has these elements, it is not limited but a 
desirable transition metal compound is the 10th group transition metal compound, and are 
vanous compounds, such as nickel, palladium, and platinum. 

[0016JAS the example, inorganic acid salt; nickel acetate of nickel, such as nickel chloride 
mckel sulfate, and perchloric acid nickel. Organic acid salt of nickel, such as nickel oxalati- 
Nickel acetylacetonate. Nickel complexes, such as nickel phthalocyanine; A palladium chloride 



a palladium bromide. The inorganic acid salt of palladium, such as a pailadous iodide, sulfuric 
acid palladium, and a palladium nitrate; Palladium acetate, Organic acid salt of palladium, such 
as trifluoro palladium acetate and palladium cyanide; Palladium acetylacetonate, 
Bis(allyl)palladium, dichloro(l,5-cyclo-octadiene) palladium, Dichlorobis (acetonitrile) 
palladium, dichlorobis (benzonitrile) palladium, Carbonyltris(triphenyl phosphine) palladium, 
dichlorobis (triethylphosphine) palladium, JIASETOBISU (triphenyl phosphine) palladium, 
tetrakis (triphenyl phosphine) palladium, Dichloro[l,2-bis(diphenylphospino)ethane] palladium, 
bis[l,2-bis(diphenylphospino)ethane] palladium, a tetramine palladium nitrate. Palladium 
complexes, such as tetrakis (acetonitrile) palladium tetrafluoroborate; platinum complexes, such 
as inorganic acid salt; platinum acetylacetonate of platinum, such as a platinum chloride and 
iodination platinum, etc. can be mentioned. The 10th group transition metal compounds desirable 
in these are a compound of palladium, and a compound of nickel, and the still more desirable 
10th group transition metal compound is a compound of palladium. Especially a desirable 
transition metal compound (A) A palladium chloride, a palladium bromide. They are a pailadous 
iodide, sulfuric acid palladium, a palladium nitrate, palladium acetate, dichlorobis (acetonitrile) 
palladium, dichlorobis (benzonitrile) palladium, and palladium acetylacetonate. 
[0017](3) The compound (B) which reacts to a transition metal compound and forms the 
complex of ionicity 

The (B) ingredient in the catalyst of this invention is a compound which reacts to a transition 
metal compound and forms the complex of ionicity. Anything can be used for it, if the compound 
(B) ^yhich reacts to a transition metal compound and forms the complex of ionicity reacts to a 
transition metal compound and the complex of ionicity can be formed. A compound (B) is a 
compound which generates the anion of non-ligating property by a reaction with a transition 
metal compound preferably. 

[0018]The Lewis acid which can become a non-ligating property anion which uses a transition 
metal compound (Bl) as a cation, and corresponds preferably, (B-2) - general formula G^A " 
(however, the cationic acid-ized agent which G"" can oxidize a transition metal and can be used as 
a cation.) Or it is a cation which can draw out a ligand from a transition metal compound, A ' is a 
non-hgating property anion. The compound expressed or (B3) general formula (L-H) "^A' . 
(however, L is a neutral Lewis base, ^^""^^ is Broensted acid, a transition metal can be used as a 
cation and A "is a non-ligating property anion.) - it is either of the compounds which is 
expressed. 

[0019](Bl),(B-2),and(B3) are boron compounds more preferably, respectively. 
[0020]The above-mentioned Lewis acid (Bl) is a general formula still more preferably. It is a 
boron compound expressed with BQ'Q^Q^ B is a boron atom of a trivalent valence state, and Q' 
- Q However, a halogen atom. The hydrocarbon group containing 1-20 carbon atoms, the 
halogenated hydrocarbon group containing 1-20 carbon atoms. It is 2 substituted amino groups 
containing the substitution silyl group containing 1-20 carbon atoms, the alkoxy group 
containing 1-20 carbon atoms, or 2-40 carbon atoms, and they may be the same or may differ. 
[0021]As an example of Lewis acid (Bl), tris(pentafluorophenyl) borane, Tris(2,3,5,6-tetrafluoro 
phenyl) borane, tris(2,3,4,5-tetrafluoro phenyl) borane. Although tris(3,4,5-trifluorophenyl) 
borane, tris(2,3,4-trifluorophenyl) borane, phenylbis(pentafluorophenyl)borane, etc. are 
mentioned, it is tris(pentafluorophenyl) borane most preferably. 

[0022]The compound (B-2) expressed with above general formula G^A ' is a boron compound 
expressed with general formula G^(BQ'Q^Q^Q'') "still more preferably. However, B is a boron 
atom of a trivalent valence state, and - Q%f it are the same as that of Q' in the above- 



mentioned Lewis acid (Bl) - Q . 

[0023] General formula As an example of a compound expressed with G'^(BQ^Q^Q'^Q'*) " , A ferro 
SENIUMU cation, an alkylation ferro SENIUMU cation, a silver positive ion, etc. are mentioned 
to which is a cationic acid-ized agent, and a triphenylmethyl cation etc. are mentioned to G^ 
which is a cation which can draw out a ligand from a transition metal compound. In " which is a 
non-ligating property anion (BQ^Q^Q^Q"*). Tetrakis (pentafluorophenyl) borate, tetrakis (2,3,5,6- 
tetrafluoro phenyl) borate, Tetrakis (2,3,4,5-tetrafluoro phenyl) borate, Tetrakis (3,4,5- 
trifluorophenyl) borate, tetrakis (2, 2, 4-trifluorophenyl) borate, 

phenylbis(pentafluorophenyl)borate, tetrakis(3,5-bis-trifluoromethylphenyl)borate, etc. are 
mentioned. 

[0024] As such concrete combination, ferro SENIUMU tetrakis (pentafluorophenyl) borate, 1,1- 
'dimethylferrocenium tetrakis(pentafluorophenyl)borate. Although silver tetrakis 
(pentafluorophenyl) borate, triphenylmethyl tetrakis (pentafluorophenyl) borate, triphenylmethyl 
tetrakis(3,5-bis-trifluoromethylphenyl)borate, etc. can be mentioned. It is triphenylmethyl 
tetrakis (pentafluorophenyl) borate most preferably. 

[0025]The compound (B3) expressed with above general formula (L-H) "'^A ' is a boron 
compound expressed with general formula (L-H) "^(BQ^Q^Q^Q^^) " still more preferably. 
However, B is a boron atom of a trivalent valence state, and - Q"* of it are the same as that of 

in the above-mentioned Lewis acid (Bl) - Q^, 
[0026] As an example of a compound expressed with general formula (L-H) "^(BQ^Q^Q^Q"*) ' , In 

which is Broensted acid (L-H). Trialkyl substitution ammonium, N, and N-dialkyl anilinium, 
dialkyl ammonium and doria — reel phosphonium etc. are mentioned and the same thing as the 
above-mentioned is mentioned to 'which is a non-ligating property anion (BQ^Q^Q^Q"*). 
[0027]As such concrete combination, triethyl ammonium tetrakis (pentafluorophenyl) borate, 
Tripropylammoniumtetrakis(pentafluorophenyl)borate, Tori (normal butyl) ammonium tetrakis 
(pentafluorophenyl) borate. Tori (normal butyl) ammonium tetrakis(3,5«bis- 
trifluoromethylphenyl)borate, N and N-dimethyl anilinium tetrakis pentafluorophenyl) borate, 
N,N-diethyl anilinium tetrakis (pentafluorophenyl) borate, N, N-2, 4, 6-pentamethylanilinium 
tetrakis (pentafluorophenyl) borate, N and N-dimethyl anilinium tetrakis(3,5-bis- 
trifluoromethylphenyl)borate, Diisopropyl ammonium tetrakis (pentafluorophenyl) borate, 
Dicyclohexyl ammonium tetrakis (pentafluorophenyl) borate, triphenyl phosphonium tetrakis 
(pentafluorophenyl) borate. Tori (methylphenyl) phosphonium tetrakis (pentafluorophenyl) 
borate. Although Tori (dimethylphenyl) phosphonium tetrakis (pentafluorophenyl) borate etc. 
can be mentioned. It is Tori (normal butyl) ammonium tetrakis (pentafluorophenyl) borate or N, 
and N-dimethyl anilinium tetrakis (pentafluorophenyl) borate most preferably. 
[0028](4) Water or acid (C) 

The (C) ingredient in the catalyst of this invention is water or acid. It is Broensted acid 
preferably as acid. If Broensted acid is a compound which has the character to give a proton and 
is a compound which has such character here, it will not be limited in particular. As an example 
of acid, chloride, sulfuric acid, nitric acid, hypochlorous acid, perchloric acid, boric acid, 
Inorganic acid, such as phosphoric acid, permanganic acid, dichromic acid, hydrogen peroxide 
solution, and dim-ized hydro acid; Tungstophosphoric acid, Heteropoly acid or its hydrates, such 
as molybdophosphoric acid; Formic acid, acetic acid, propionic acid, Triphloroacetic acid, 
monochloroacetic acid, dichloroacetic acid, butanoic acid, benzoic acid, Methylbenzoic acid, 
chlorobenzoic acid, methoxybenzoic acid, fumaric acid, maleic acid, Carboxylic acid, such as 
salicylic acid and naphthalene carboxylic acid; Phenol, Phenols, such as cresol, fluorophenol. 



chlorophenol, hydroquinone, bromophenol, methoxy phenol, and cyanophenol, an aminophenol, 
a nitrophenol, and pentafluorophenol; solid acid, such as silica and alumina, is mentioned. 
[0029]Desirable Broensted acid Chloride, perchloric acid, boric acid, hydrogen peroxide 
solution, They are tungstophosphoric acid, dim-ized hydro acid, formic acid, acetic acid, 
propionic acid, triphloroacetic acid, benzoic acid, fumaric acid, maleic acid, a glyoxal, phenol, 
pentafluorophenol, 4-methoxyphenol, cresol, and hydroquinone. These compounds can be 
independent or can be used by plurality. 

[0030](5) The catalyst for a cyclic olefin polymerization of catalyst this invention for a cyclic 
olefin polymerization is a catalyst containing the above-mentioned (A) ingredient, the (B) 
ingredient, and the (C) ingredient. In a suitable solvent, may use these ingredients as a 
beforehand mixed solution, and the (A) ingredient, the (B) ingredient, and the (C) ingredient, for 
example. The (A) ingredient, the (B) ingredient and the (C) ingredient, or the solution that 
melted them in the monomer or the suitable solvent may be supplied to a polymerization system 
simultaneous or independently, and it may be made to contact within a polymerization system. 
[003 l]as opposed to the monomer which it cannot generally define the range since the amount of 
the mgredient (A) used differs in the suitable value according to the kind and other 
polymerization conditions of the cyclic olefin chosen, but is usually used -- 0.00001 - 1-mol % - 
they are 0.0001 - 0. 1-mol % preferably. Although the amount in particular of the ingredient (B) 
used is not restricted, either, 0.1-100 mol is usually 0.5-10 mol preferably per 1 mol of 
ingredients (A). Although the amount of the ingredient (C) used is not restricted, either, it is 
usually 0.001 mol or more per mol of ingredient (A). Although it is about 0.1-100000 mol per 
mol of ingredient (A) preferably, it is also possible to use it in large quantities and to use as a 
polymerization solvent. 

[0032](6) In manufacture this invention of a cyclic olefin system polymer, although a 
polymerization method in particular should not be limited. For example, aliphatic hydrocarbon, 
such as butane, pentane, hexane, heptane, and octane. Aromatic hydrocarbon, such as benzene, 
toluene, and xylene, methylene dichloride, Halogenated hydrocarbon, such as ethylene 
dichloride, methanol, ethanol. Ether, such as alcohols, such as propanol and butanol, 
diethylether, and a tetrahydrofiaran. Ketone, such as acetone, methyl ethyl ketone, aild methyl 
isobutyl ketone. The solvent polymerization which uses solution and water, such as acetic acid, 
chloride, and perchloric acid, for a solvent as independence or multiple mixed liquor or slurry 
polymerization, a vapor phase polymerization, high voltage ionic polymerization in the inside of 
a gaseous monomer, etc. are possible, and either a continuation polymerization or a batch 
process polymerization is possible. 

[0033]hi a solvent polymerization or slurry polymerization, although the polymerization 
temperature can usually take the range of -50-200 **, the range of -20-100 ** is preferred 
especially, and polymerization pressure has ordinary pressure - preferred 60 kg/cm^G. In a vapor 
phase polymerization, 1 - 30 kg/cm^G of polymerization temperature is [ 60-120 ** and 
polymerization pressure ] preferred. In high voltage ionic polymerization, 300 - 2500 kg/cm^G oif 
polymerization temperature is [ 150-300 ** and polymerization pressure ] preferred. Although 
polymerization time is generally suitably determined by the kind of polymer made into the 
purpose, and the reaction apparatus, it can usually take the range of for [ 1 minute ] - 20 hours. 
This invention can also add chain transfer agents, such as hydrogen, in order to adjust the 
molecular weight of a copolymer. 

[ExampleJAlthough an example explains this invention concretely, this invention does not have 
the range hereafter limited by this example, [eta] in an example is the limiting viscosity 



measured at 135 ** by using a tetralin as a solvent. 

[0034]In the 300-ml round-bottom separable flask which carried out the example 1 nitrogen 
purge, dichlorobis (benzonitrile) palladium 0.001 millimol, 10 ml (50 millimols as norbomene) 
of toluene solutions of the norbomene of 100 ml of drying toluene and 5-mol [/l. ] concentration 
and water Immol were taught and warmed, and it made with a 50 ** homogeneous solution. 
Here, triphenylmethyl tetrakis (pentafluorophenyl) borate 0.001 millimol was added here, and 
churning was continued for 15 minutes at 50 **. Then, this reaction mixture was invested in 100 
ml of methanol, and RO ** of the precipitating white solid was carried out. The yield of the 
polymer which obtained it with methanol by carrying out reduced pressure drying of this solid 
after washing was 288 mg (1 150 kg/mol-Pd as 6. 1% and catalytic activity as an inversion rate of 
norbomene). The absorption based on a carbon-carbon double bond was not observed in the 
infrared absorption spectrum of this polymer, but it was confirmed that this polymer is poly 
norbomene of saturation stmcture. [eta] of this polymer was 0.63 dl/g. 
[0035]Except having changed the water in example 2 Example 1 into 40% glyoxal solution 
145mul, it was operated like Example 1 and 1.44 g of poly norbomene was obtained. This yield 
corresponds as an inversion rate of norbomene, and is equivalent to 5760 kg/mol-Pd as catalytic 
activity 31%. The system of reaction was presenting the slurry form to which the formed 
polymer was suspended in toluene. 

[0036]Except havmg changed the water in example 3 Example 1 into 1.0 mol/1. of chloride 
18mul, it was operated like Example 1 and 305 mg of poly norbomene was obtained. This yield 
corresponds as an inversion rate of norbomene, and is equivalent to 1220 kg/mol-Pd as catalytic 
activity 6.5%. [eta] of the polymer was 0.28 dl/g. 

[0037]Except having changed the water in example 4 Example 1 into 60% perchloric acid 
solution 160mul, it was operated like Example 1 and 1.84 g of poly norbomene was obtained. 
This yield corresponds as an inversion rate of norbomene, and is equivalent to 7350 kg/mol-Pd 
as catalytic activity 39%. The system of reaction was presenting the slurry form to which the 
formed polymer was suspended in toluene. 

[0038]Except having changed the water in example 5 Example 1 into 31% hydrogen-peroxide- 
solution 18mul, it was operated like Example 1 and 338 mg of poly norbomene was obtained. 
This yield corresponds as an inversion rate of norbomene, and is equivalent to 1350 kg/mol-Pd 
as catalytic activity 7.2%. [eta] of this polymer was 1.23 dl/g. 

[0039]Except having changed the water in example 6 Example 1 into 42% hydro acid [ dim-ized 
] solution 209mul, it was operated like Example 1 and 1.447 g of poly norbomene was obtained. 
This yield corresponds as an inversion rate of norbomene, and is equivalent to 5790 kg/mol-Pd 
as catalytic activity 31%. The system of reaction was presenting the slurry form to which the 
formed polymer was suspended in toluene. 

[0040)Except having changed the water in example 7 Example 1 into boric acid, it was operated 
hke Example 1 and 585 mg of poly norbomene was obtained. This yield corresponds as an 
inversion rate of norbomene, and is equivalent to 2320 kg/mol-Pd as catalytic activity 12%. [eta] 

of this polymer was 2.38 dl/g. 

[0041]Except having changed water Immol in example 8 Example 1 into tongue strike IV 
phosphoric acid hydrate O.lmmol, it was operated like Example 1 and 1.24 g of poly norbomene 
was obtained. This yield corresponds as an inversion rate of norbomene, and is equivalent to 
4950 kg/mol-Pd as catalytic activity 26%. The system of reaction was presenting the slurry form 
to which the formed polymer was suspended in toluene. 

[0042]Except having changed water Immol in example 9 Example 1 into tongue strike IV 



phosphoric acid hydrate O.lmmol and water Immol, it was operated like Example 1 and 1.83 g 
of poly norbomene was obtained. This yield corresponds as an inversion rate of norbomene, and 
is equivalent to 7320 kg/moI-Pd as catalytic activity 39%. The system of reaction was presenting 
the slurry form to which the formed polymer was suspended in toluene. 
[0043]Except having changed the water in example 10 Example 1 into 1.0 mol/1. of acetic acid 
18mul, it was operated like Example 1 and 1.25 g of poly norbomene was obtained. This yield 
corresponds as an inversion rate of norbomene, and is equivalent to 4990 kg/mol-Pd as catalytic 
activity 27%. [eta] of this polymer was 2.33 dl/g. 

[0044]Except having changed the water in example 1 1 Example 1 into 1.0 mol/1. of formic acid 
ISmul, it was operated like Example 1 and 0.398 g of poly norbomene was obtained. This yield 
corresponds as an inversion rate of norbomene, and is equivalent to 1590 kg/mol-Pd as catalytic 
activity 8.5%. [eta] of this polymer was 2.62 dl/g. 

[0045]Except having changed water Immol in example 12 Example 1 into triphloroacetic acid 
Immol and water Immol, it was operated like Example 1 and 307 mg of poly norbomene was 
obtained. This yield corresponds as an inversion rate of norbomene, and is equivalent to 1240 
kg/mol-Pd as catalytic activity 6.6%. [eta] of this polymer was 0.37 dl/g. 
[0046]Except having changed the water in example 13 Example 1 into phenol, it was operated 
like Example 1 and 276 mg of poly norbomene was obtained. This yield corresponds as an 
inversion rate of norbomene, and is equivalent to 1 100 kg/mol-Pd as catalytic activity 5.9%. 
[eta] of this polymer was 0.36 dl/g. 

[0047]Except having changed the water in example 14 Example 1 into pentafluorophenol, it was 
operated like Example 1 and 175 mg of poly norbomene was obtained. This yield corresponds as 
an inversion rate of norbomene, and is equivalent to 700 kg/mol-Pd as catalytic activity 3.7%. 
[0048]Except having changed the water in example 15 Example 1 into 4-methoxyphenol, it was 
operated like Example 1 and 270 mg of poly norbomene was obtained. This yield corresponds as 
an inversion rate of norbomene, and is equivalent to 1080 kg/mol-Pd as catalytic activity 5.7%. 
[eta] of this polymer was 0.57 dl/g, 

[0049]Except having changed the water in example 16 Example 1 into hydroquinone, it was 
operated like Example 1 and 436 mg of poly norbomene was obtained. This yield corresponds as 
an inversion rate of norbomene, and is equivalent to 1740 kg/mol-Pd as catalytic activity 9.3%. 
[0050]Except not having added water Immol in comparative example 1 Example 1, when it was 
operated like Example 1, 150 mg of poly norbomene was obtained. This yield corresponds as an 
inversion rate of norbomene, and is equivalent to 600 kg/mol-Pd as catalytic activity 3.2%, [eta] 
of this polymer was 0.20 dl/g. 

[0051]Except having changed water Immol in example 17 Example 1 into water lOmmol, it was 
operated like Example 1 and 892 mg of poly norbomene was obtained. This yield is equivalent 
to % as an inversion rate of norbomene, and equivalent to 3570 kg/mol-Pd as catalytic activity, 
[eta] of this polymer was 1.92 dl/g. 

[0052]Except having changed water Imniol in example 18 Example 1 into water 50mmol, it was 
operated like Example 1 and 1.31 g of poly norbomene was obtained. This yield corresponds as 
an inversion rate of norbomene, and is equivalent to 5220 kg/mol-Pd as catalytic activity 28%. 
[eta] of this polymer was 2.74 dl/g. 

[0053]Except having changed water Immol in example 19 Example 1 into water lOOmmol, it 
was operated like Example 1 and 1.28 g of poly norbomene was obtained. This yield 
corresponds as an inversion rate of norbomene, and is equivalent to 5130 kg/mol-Pd as catalytic 
activity 27%. The system of reaction was presenting the slurry form to which the formed 



polymer was suspended in toluene, [eta] of the 135 ** tetralin fusible part of this polymer was 
dl/g. 

[0054]Except having changed 100 ml of drying toluene in the example 20 comparative example 
1 into 100 ml of water, it was operated like the comparative example 1 and 818 mg of poly 
norbomene was obtained. This yield corresponds as an inversion rate of norbomene, and is 
equivalent to 3270 kg/mol-Pd as catalytic activity 17%. The system of reaction was presenting 
the slurry form to which the formed polymer was suspended in water. It was insoluble also to 
toluene in this polymer. 

[0055]Except having changed LO mol/L of acetic acid 18mul in example 21 Example 10 into 
0.01 mo 1/1. of acetic acid 18mul, it was operated like Example 10 and 712 mg of poly norbomene 
was obtained. This yield corresponds as an inversion rate of norbomene, and is equivalent to 
2850 kg/mol-Pd as catalytic activity 15%. [eta] of this polymer was 1.81 dl/g. 
[0056]Except having changed 1.0 mol/1. of acetic acid 18mul in example 22 Example 10 into 0.1 
mol/L of acetic acid 18mul, it was operated like Example 10 and 1.382 g of poly norbomene was 
obtained. This yield corresponds as an inversion rate of norbomene, and is equivalent to 5530 
kg/mol-Pd as catalytic activity 29%. [eta] of this polymer was 2.79 dl/g. 

[0057]Except having changed 1.0 mol/L of acetic acid 18mul in example 23 Example 10 into 10 
mol/L acetic acid 18mul, it was operated like Example 10 and 902 mg of poly norbomene was 
obtained. This yield corresponds as an inversion rate of norbomene, and is equivalent to 3610 
kg/mol-Pd as catalytic activity 19%. [eta] of this polymer was 1.87 dl/g. 

[0058]Except having changed churning time 15 minutes in example 24 Example 1 in 60 minutes, 
it was operated like Example 1 and 844 mg of poly norbomene was obtained. This yield 
corresponds as an inversion rate of norbomene, and is equivalent to 844 kg/mol-Pd as catalytic 
activity 18%. [eta] of this polymer was 0.89 dl/g. 

[0059]Except having changed churning time 15 minutes in the comparative example 2 
comparative example 1 in 60 minutes, it was operated like the comparative example 1 and 350 
mg of poly norbomene was obtained. This yield corresponds as an inversion rate of norbomene, 
and is equivalent to 350 kg/mol-Pd as catalytic activity 7.5%. [eta] of this polymer was 0.55 dl/g. 
[0060]In the 300-ml round-bottom separable flask which carried out the example 25 nitrogen 
purge, palladium acetylacetonate 0.002 millimol, 3 ml (30 millimols as norbomene) of toluene 
solutions of the norbomene of 27 ml of drying toluene and 5-mol [/L ] concentration and water 
20mmol were taught and warmed, and it made with a 50 ** homogeneous solution. Here, 
triphenylmethyl tetrakis (pentafluorophenyl) borate 0.002 millimol was added here, and churning 
was continued for 5 minutes at 50 **. This reaction mixture was invested in 100 ml of methanol, 
and RO ** of the precipitating white solid was carried out. The yield of the polymer which 
obtained it with methanol by carrying out reduced pressure drying of this solid after washing was 
790 mg (4740 kg/mol-Pd as 56% and catalytic activity as an inversion rate of norbomene). The 
absorption based on a carbon-carbon double bond was not observed in the infrared absorption 
spectmm of this polymer, but it was confirmed that this polymer is poly norbomene of saturation 
structure, [eta] of this polymer was 3.25 dl/g. 

[0061]Except not having added water 20mmol in comparative example 3 Example 25, it was 
operated like Example 25 and 177 mg of poly norbomene was obtained. This yield corresponds 
as an inversion rate of norbomene, and is equivalent to 1060 kg/mol-Pd as catalytic activity 13%. 

[0062] 

[Effect of the Invention] As explained in full detail above, according to the method of this 
invention, a useful cyclic olefin system polymer can be efficiently produced using very a small 



amount of catalysts, and the industrial value is size very much. 



[Translation done.] 
TECHNICAL FIELD 



[Field of the InventionJThis invention relates to the manufacturing method of the catalyst for a 
cyclic olefin polymerization, and a cyclic olefin system polymer. 

PRIOR ART 



[Description of the Prior Art]The cyclic olefin represented by norbomene polymerizes by various 
kinds of polymerizing methods, and giving the cyclic olefin system polymer which makes 
addition structure a subject is known. Generally such a cyclic olefin system polymer has a high 
glass transition temperature as compared with the un-annular olefin system polymer. 
The application as a film or various mold goods is expected as high-heat-resistance resin. 

[0003]Various kinds of things are known as a manufacturing method of this cyclic olefin system 
polymer. For example, about the norbomene system polymer, the method of using Pd(C6H5 CN) 
2CI2 for a U.S. Pat. No. 3330815 specification at a catalyst is proposed, The method of using for 
JP,4-63807,A the catalyst which consists of a transition metal compound ingredient and an 
aluminoxane ingredient is proposed. However, there was a problem that catalytic activity was 
low in the former, in order to have to use a lot of aluminoxane for the latter, a lot of metal 
remained in the polymer, and there was a problem of becoming causes, such as degradation of a 
polymer and coloring. 

[0004]The method of manufacturing the cyclic olefin system polymer containing a copolymer is 
proposed using the catalyst which consists of a compound ingredient which reacts to a transition 
metal compound ingredient and a transition metal compound at JP,5-262821,A, and forms the 
complex of ionicity. Although this method is a method excellent in the point that comparatively 
high catalyst efficiency can be attained, without using co-catalysts, such as aluminoxane, so 
much, When it is the point that the inversion rate of cyclic olefin is low, and many, still, the point 
which needs use of the difficult organoaluminium compoimd of handling as a co-catalyst is not 
enough. 

[0005]The manufacturing method of the cyclic olefin system polymer using the catalyst which 
uses as the main ingredients the compound which reacts to a palladium compound and a 
transition metal compound at JP,7-304834,A, and forms the complex of ionicity as a method by 
which this problem has been improved is proposed. Although this method was excellent as a 
method which may polymerize in a high inversion rate in cyclic olefin, industrial still higher 
catalytic activity and improvement in the molecular weight of polymer obtained were desired. 
[0006] On the other hand, research which adds water to the polymerization system of the cyclic 
olefin using a transition metal compound is done until now. For example, in 
Macromol.Symp.89,433 (1995). [Pd(CH3CH2 CN) 4] In the polymerization of the norbomene 
which makes [BF4] 2 a catalyst, even if it adds water, it is proved that a polymer is obtained, but 
both polymerization activity and the molecular weight of a polymer obtained are falling 



compared with an additive-free system. Thus, the actual condition is not having found the 
satisfactory method at present still industrially about a cyclic olefin system polymer. 



EFFECT OF THE INVENTION 



[Effect of the Invention] As explained in fiill detail above, according to the method of this 
invention, a useful cyclic olefin system polymer can be efficiently produced using very a small 
amount of catalysts, and the industrial value is size very much. 

TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention]This invention is made in light of the above- 
mentioned circumstances. That is, there is a technical problem of this invention in providing the 
method of manufacturing the catalyst for a cyclic olefin polymerization which realizes the 
inversion rate of high cyclic olefin with very a small amount of catalysts, and the cyclic olefin 
system polymer of the amoxmt of polymers. 

MEANS 



[Means for Solving the Problem] As a result of repeating examination wholeheartedly that an 
aforementioned problem should be solved, this invention persons find out a catalyst which added 
water or acid to a specific catalyst system as one ingredient further, and came to complete this 
invention. Namely, a compound which this invention reacts to the (A) transition metal compound 
and the (B) transition metal compound, and forms a complex of ionicity. And a manufacturing 
method of a cyclic olefin system polymer which polymerizes in cyclic olefin using a catalyst for 
a cyclic olefin polymerization containing (C) water or acid and this catalyst is started. 
Furthermore, this invention starts a manufacturing method of a cyclic olefin system polymer 
which polymerizes in cyclic olefin by using water as a dispersing solvent using a catalyst 
containing the (A) transition metal compound and a compound which reacts to the (B) transition 
metal compound and forms a complex of ionicity. 
[0009] 

[Embodiment of the Invention]Hereafter, this invention is explained in detail. 
(1) The cyclic olefin used in cyclic olefin this invention is the compounds in which four or more 
carbon atoms which may have various kinds of substituents form a ring, and include one carbon- 
carbon double bond in this ring. As such cyclic olefin, cyclobutene, cyclopentene, Monocycle- 
like olefins, such as a cyclohexene; 3-methylcyclopentene, Substitution monocycle-like olefins, 
such as 3-methylcyclohexene; substitution many cyclic olefin, such as multi-cyclic olefin; 1- 
methyl norbomene, such as norbomene and a 1 and 2-dihydrodicyclopentadiene, and 5-methyl 
norbomene, is illustrated. 

[00 10] Cyclic olefin desirable in these is the compounds expressed with following general 
formula [I]. 



(Among a formula, R - R may show the substituent chosen from the group which consists of a 
hydrogen atom, a halogen atom, a hydroxyl group, an amino group, and an organic group with 1- 
20 carbon atoms independently, respectively, and R^, R^ and R^, and R^ may form a ring.) n 
shows zero or more integers. 

[001 l]Here as an example of an organic group with 1-20 carbon atoms which are the members of 
a substituent A methyl group, Alkyl groups, such as an ethyl group, a propyl group, a butyl 
group, a hexyl group, an octyl group, and dodecyl; A phenyl group, Aralkyl groups, such as aryl 
group; benzyls, such as a tolyl group and a naphthyl group, and a phenethyl group; A 
methylidene group, Alkylidene groups, such as an ethylidene group; Alkenyl group; methoxy 
groups, such as a vinyl group and an allyl group, alkoxy group [, such as an ethoxy basis, ]; — 
aryloxy group [, such as a phenoxy group, ]; ~ acyl group [, such as an acetyl group, ]; - a 
methoxycarbonyl group, alkoxy carbonyl group [, such as an ethoxycarbonyl group, ]; — acyloxy 
group [, such as an acetyloxy group, ]; - silyl group [, such as a trimethylsilyl group, ] 
(substitution); ~ a dimethylamino group, alkylamino group [, such as a diethylamino group, ]; ~ 
carboxyl group;— cyano group; and the above-mentioned alkyl group. Some hydrogen atoms of 
an aryl group and an ARARU keel group can mention the basis replaced by a halogen atom, a 
hydroxyl group, an amino group, the acyl group, the carboxyl group, the alkoxy group, the 
alkoxycarbonyl group, the acyloxy group, the silyl group (substitution), the alkylamino group, or 
the cyano group. 

[00 12] A desirable substituent An alkyl group with a hydrogen atom and 1-20 carbon atoms, an 
aryl group with 6-20 carbon atoms, An aralkyl group with 7-20 carbon atoms, an alkylidene 
group with 1-20 carbon atoms. They are an alkenyl group with 2-20 carbon atoms, an acyl group 
with 1-20 carbon atoms, an alkoxycarbonyl group with 1-20 carbon atoms, an acyloxy group 
with 1-20 carbon atoms, and a silyl group (substitution) with 1-20 carbon atoms. 
[0013]As an example of desirable cyclic olefin expressed with general formula [I], Norbomene, 
5-methyl norbomene, 5-ethyl norbomene, 5-butyl norbomene, 5-phenyl norbomene, 5-benzyl 
norbomene, Tetracyclo dodecen, tricyclo decene, tricyclo undecene, Pentacyclo pentadecene, 
pentacyclo hexa decene, ethylidene norbomene, 8-methyltetracyclo dodecen, 8-ethyltetracyclo 
dodecen, 5-acetyl norbomene, 5-acetyloxy norbomene, 5-carbomethoxy norbomene, 5- 
ethoxycarbonyl norbomene, 5-methyl-5-carbomethoxy norbomene, 5-cyano norbomene, 8- 
carbomethoxy tetracyclo dodecen, 8-methyl-8-carbomethoxy tetracyclo dodecen, 8-cyano 
tetracyclo dodecen, etc. can be enumerated. 

[0014] When polymerizing, these cyclic olefin is independent or they are used by plurality. They 
are the range which does not spoil the outstanding character which a cyclic olefin system 
polymer has, i.e., the range in which the rate of the cyclic olefin in a total monomer generally is 
not less than 10 % of the weight, and a range which is not preferably less than 50 % of the 
weight, Using cyclic olefin and other existing copolymeric monomers together with cyclic olefin 
does not interfere at all. As an example of other starting monomers, ethylene, propylene, 1- 



butene, Alkenyl aromatic hydrocarbon, such as alpha olefin; styrene, such as 4-methylpentene- 1, 
1-hexene, and 1-octene; The methyl vinyl ether, alkyi vinyl ether [, such as ethyl vinyl ether, ]; - 
unsaturation haiogenated hydrocarbon [, such as VCM/PVC, ]; - methyl aery late. Unsaturated 
nitrile, such as alpha, such as ethyl acrylate and methyl methacrylate, and beta-unsaturated- 
carboxyHc-acid-ester; acrylonitrile; carboxylic acid vinyl, such as vinyl acetate, etc. can be 
mentioned. 

[0015](2) Transition metal compound (A) 

The (A) ingredient in the catalyst of this invention is a transition metal compound. A transition 
metal compound is a compound which has an element of the 6th fellows to the 1 1th fellows of 
the periodic table (an lUPAC inorganic chemistry nomenclature revised edition, 1989) here. As 
an example of these 6th fellows to the 1 1th fellows* element, chromium, molybdenum, tungsten, 
manganese, iron, a ruthenium, cobalt, rhodium, nickel, palladium, platinum, copper, silver, etc. 
are mentioned. Especially if it is a compound which has these elements, it is not limited, but a 
desirable transition metal compound is the 10th group transition metal compound, and are 
various compounds, such as nickel, palladium, and platinum. 

[00 16] As the example, inorganic acid salt; nickel acetate of nickel, such as nickel chloride, 
nickel sulfate, and perchloric acid nickel. Organic acid salt of nickel, such as nickel oxalate; 
Nickel acetylacetonate. Nickel complexes, such as nickel phthalocyanine; A palladium chloride, 
a palladium bromide, The inorganic acid salt of palladium, such as a palladous iodide, sulfuric 
acid palladium, and a palladium nitrate; Palladium acetate, Organic acid salt of palladium, such 
as trifluoro palladium acetate and palladium cyanide; Palladium acetylacetonate, 
Bis(allyl)palladium, dichloro(l,5-cyclo-octadiene) palladium, Dichlorobis (acetonitrile) 
palladium, dichlorobis (benzonitrile) palladium, Carbonyltris(triphenyl phosphine) palladium, 
dichlorobis (triethylphosphine) palladium, JIASETOBISU (triphenyl phosphine) palladium, 
tetrakis (triphenyl phosphine) palladium, Dichloro[l,2-bis(diphenylphospino)ethane] palladium, 
bis[l,2-bis(diphenylphospino)ethane] palladium, a tetramine palladium nitrate. Palladium 
complexes, such as tetrakis (acetonitrile) palladium tetrafluoroborate; platinum complexes, such 
as inorganic acid salt; platinum acetylacetonate of platinum, such as a platinum chloride and 
iodination platinum, etc. can be mentioned. The 10th group transition metal compounds desirable 
in these are a compound of palladium, and a compound of nickel, and the still more desirable 
10th group transition metal compound is a compound of palladiimi. Especially a desirable 
transition metal compound (A) A palladium chloride, a palladium bromide. They are a palladous 
iodide, sulfuric acid palladium, a palladium nitrate, palladium acetate, dichlorobis (acetonitrile) 
palladium, dichlorobis (benzonitrile) palladium, and palladium acetylacetonate. 
[0017](3) The compound (B) which reacts to a transition metal compound and forms the 
complex of ionicity 

The (B) ingredient in the catalyst of this invention is a compound which reacts to a transition 
metal compound and forms the complex of ionicity. Anything can be used for it, if the compound 
(B) which reacts to a transition metal compound and forms the complex of ionicity reacts to a 
transition metal compound and the complex of ionicity can be formed. A compound (B) is a 
compound which generates the anion of non-ligating property by a reaction with a transition 
metal compound preferably. 

[0018]The Lewis acid which can become a non-ligating property anion which uses a transition 
metal compound (Bl) as a cation, and corresponds preferably, (B-2) - general formula G^A' 
(however, the cationic acid-ized agent which G"^ can oxidize a transition metal and can be used as 
a cation.) Or it is a cation which can draw out a ligand from a transition metal compound, A ' is a 



non-ligating property anion. The compound expressed or (B3) general formula (L-H) " . 
(however, L is a neutral Lewis base, ^ '^^^ is Broensted acid, a transition metal can be used as a 
cation and A " is a non-ligating property anion.) - it is either of the compounds which is 
expressed. 

[0019](B1), (B-2), and (B3) are boron compounds more preferably, respectively. 
[0020]The above-mentioned Lewis acid (Bl) is a general formula still more preferably. It is a 
boron compound expressed with BQ^Q^Q^ B is a boron atom of a trivalent valence state, and 
- However, a halogen atom, The hydrocarbon group containing 1-20 carbon atoms, the 
halogenated hydrocarbon group containing 1-20 carbon atoms, It is 2 substituted amino groups 
containing the substitution silyl group containing 1-20 carbon atoms, the alkoxy group 
containing 1-20 carbon atoms, or 2-40 carbon atoms,, and they may be the same or may differ. 
[0021]As an example of Lewis acid (Bl), tris(pentafluorophenyl) borane, Tris(2,3,5,6-tetrafluoro 
phenyl) borane, tris(2,3,4,5-tetrafluoro phenyl) borane. Although tris(3,4,5-trifluorophenyl) 
borane, tris(2,3,4-trifluorophenyl) borane, phenylbis(pentafluorophenyl)borane, etc. are 
mentioned, it is tris(pentafluorophenyl) borane most preferably. 

[0022]The compound (B-2) expressed with above general formula G^A " is a boron compound 
expressed with general formula G"'(BQ^Q^Q^Q'*) ' still more preferably. However, B is a boron 
atom of a trivalent valence state, and - Q"* of it are the same as that of Q^n the above- 
mentioned Lewis acid (Bl) - Q^. 

[0023]General formula As an example of a compound expressed with G"^(BQ^Q^Q^Q^) A ferro 
SENIUMU cation, an alkylation ferro SENIUMU cation, a silver positive ion, etc. are mentioned 
to G^ which is a cationic acid-ized agent, and a triphenylmethyl cation etc. are mentioned to G"*^ 
which is a cation which can draw out a ligand from a transition metal compound. In " which is a 
non-ligating property anion (BQ^Q^Q-^Q^^). Tetrakis (pentafluorophenyl) borate, tetrakis (2,3,5,6- 
tetrafluoro phenyl) borate, Tetrakis (2,3,4,5-tetrafluoro phenyl) borate, Tetrakis (3,4,5- 
trifluorophenyl) borate, tetrakis (2, 2, 4-trifluorophenyl) borate, 

phenylbis(pentafluorophenyl)borate, tetrakis(3,5-bis-trifluoromethylphenyl)borate, etc. are 
mentioned. 

[0024] As such concrete combination, ferro SENIUMU tetrakis (pentafluorophenyl) borate, 1,1- 
'dimethylfenrocenium tetrakis(pentafluorophenyl)borate, Although silver tetrakis 
(pentafluorophenyl) borate, triphenyhnethyl tetrakis (pentafluorophenyl) borate, triphenylmethyl 
tetrakis(3,5-bis-trifluoromethylphenyl)borate, etc. can be mentioned, It is triphenylmethyl 
tetrakis (pentafluorophenyl) borate most preferably. 

[0025]The compound (B3) expressed with above general formula (L-H) ^A " is a boron 
compound expressed with general formula (L-H) '*'(BQ*Q^Q^Q'*) ' still more preferably. 
However, B is a boron atom of a trivalent valence state, and - Q"^ of it are the same as that of 

in the above-mentioned Lewis acid (Bl) - Q^. 
[0026] As an example of a compound expressed with general formula (L-H) ^(BQ^Q^Q^Q^^) " , In 

which is Broensted acid (L-H). Trialkyl substitution ammonium, N, and N-dialkyl anilinium, 
dialkyl ammonium and doria ~ reel phosphonium etc. are mentioned and the same thing as the 
above-mentioned is mentioned to "which is a non-ligating property anion (BQ^Q^Q^Q"*). 
[0027]As such concrete combination, triethyl ammonium tetrakis (pentafluorophenyl) borate, 
Tripropylammoniumtetrakis(pentafluorophenyl)borate, Tori (normal butyl) ammonium tetrakis 
(pentafluorophenyl) borate. Tori (normal butyl) ammonium tetrakis(3,5-bis- 
trifluoromethylphenyl)borate, N and N-dimethyl anilinium tetrakis (pentafluorophenyl) borate, 
N,N-diethyl anilinium tetrakis (pentafluorophenyl) borate, N, N-2, 4, 6-pentamethylanilinium 



tetrakis (pentafluorophenyl) borate, N and N-dimethyl anilinium tetrakis(3,5-bis- 
trifluoromethylphenyl)borate, Diisopropyl ammonium tetrakis (pentafluorophenyl) borate, 
Dicyclohexyl ammonium tetrakis (pentafluorophenyl) borate, triphenyl phosphonium tetrakis 
(pentafluorophenyl) borate, Tori (methylphenyl) phosphonium tetrakis (pentafluorophenyl) 
borate, Although Tori (dimethylphenyl) phosphonium tetrakis (pentafluorophenyl) borate etc. 
can be mentioned, It is Tori (normal butyl) ammonium tetrakis (pentafluorophenyl) borate or N, 
and N-dimethyl anilinium tetrakis (pentafluorophenyl) borate most preferably. 
[0028](4) Water or acid (C) 

The (C) ingredient in the catalyst of this invention is water or acid. It is Broensted acid 
preferably as acid. If Broensted acid is a compound which has the character to give a proton and 
is a compound which has such character here, it will not be limited in particular. As an example 
of acid, chloride, sulfuric acid, nitric acid, hypochlorous acid, perchloric acid, boric acid. 
Inorganic acid, such as phosphoric acid, permanganic acid, dichromic acid, hydrogen peroxide 
solution, and dim-ized hydro acid; Tungstophosphoric acid, Heteropoly acid or its hydrates, such 
as molybdophosphoric acid; Formic acid, acetic acid, propionic acid, Triphloroacetic acid, 
monochloroacetic acid, dichloroacetic acid, butanoic acid, benzoic acid, Methylbenzoic acid, 
chlorobenzoic acid, methoxybenzoic acid, fumaric acid, maleic acid, Carboxylic acid, such as 
salicylic acid and naphthalene carboxylic acid; Phenol, Phenols, such as cresol, fluorophenol, 
chlorophenol, hydroquinone, bromophenol, methoxy phenol, and cyanophenol, an aminophenol, 
a nitrophenol, and pentafluorophenol; solid acid, such as silica and alumina, is mentioned. 
[0029] Desirable Broensted acid Chloride, perchloric acid, boric acid, hydrogen peroxide 
solution, They are tungstophosphoric acid, dim-ized hydro acid, formic acid, acetic acid, 
propionic acid, triphloroacetic acid, benzoic acid, fumaric acid, maleic acid, a glyoxal, phenol, 
pentafluorophenol, 4-methoxyphenol, cresol, and hydroquinone. These compounds can be 
independent or can be used by plurality. 

[0030](5) The catalyst for a cyclic olefin polymerization of catalyst this invention for a cyclic 
olefin polymerization is a catalyst containing the above-mentioned (A) ingredient, the (B) 
ingredient, and the (C) ingredient. In a suitable solvent, may use these ingredients as a 
beforehand mixed solution, and the (A) ingredient, the (B) ingredient, and the (C) ingredient, for 
example. The (A) ingredient, the (B) ingredient and the (C) ingredient, or the solution that 
melted them in the monomer or the suitable solvent may be supplied to a polymerization system 
simultaneous or independently, and it may be made to contact within a polymerization system. 
[003 l]as opposed to the monomer which it carmot generally define the range since the amoimt of 
the ingredient (A) used differs in the suitable value according to the kind and other 
polymerization conditions of the cyclic olefin chosen, but is usually used ~ 0.00001 - 1-mol % ~ 
they are 0.0001 - 0. 1-mol % preferably. Although the amount in particular of the ingredient (B) 
used is not restricted, either, 0.1-100 mol is usually 0.5-10 mol preferably per 1 mol of 
ingredients (A). Although the amount of the ingredient (C) used is not restricted, either, it is 
usually 0.001 mol or more per mol of ingredient (A). Although it is about 0.1-100000 mol per 
mol of ingredient (A) preferably, it is also possible to use it in large quantities and to use as a 
polymerization solvent. 

[0032](6) In manufacture this invention of a cyclic olefin system polymer, although a 
polymerization method in particular should not be limited, For example, aliphatic hydrocarbon, 
such as butane, pentane, hexane, heptane, and octane. Aromatic hydrocarbon, such as benzene, 
toluene, and xylene, methylene dichloride, Halogenated hydrocarbon, such as ethylene 
dichloride, methanol, ethanol. Ether, such as alcohols, such as propanol and butanol, 



diethylether, and a tetrahydrofuran, Ketone, such as acetone, methyl ethyl ketone, and methyl 
isobutyl ketone. The solvent polymerization which uses solution and water, such as acetic acid, 
chloride, and perchloric acid, for a solvent as independence or multiple mixed liquor or slurry 
polymerization, a vapor phase polymerization, high voltage ionic polymerization in the inside of 
a gaseous monomer, etc. are possible, and either a continuation polymerization or a batch 
process polymerization is possible. 

[0033]In a solvent polymerization or slurry polymerization, although the polymerization 
temperature can usually take the range of -50-200 **, the range of -20-100 ** is preferred 
especially, and polymerization pressure has ordinary pressure - preferred 60 kg/cm^G. In a vapor 
phase polymerization, 1-30 kg/cm^G of polymerization temperature is [ 60-120 ** and 
polymerization pressure ] preferred. In high voltage ionic polymerization, 300 - 2500 kg/cm^G of 
polymerization temperature is [ 150-300 ** and polymerization pressure ] preferred. Although 
polymerization time is generally suitably determined by the kind of polymer made into the 
purpose, and the reaction apparatus, it can usually take the range of for [ 1 minute ] - 20 hours. 
This invention can also add chain transfer agents, such as hydrogen, in order to adjust the 
molecular weight of a copolymer. 



[Translation done.] 
EXAMPLE 



[Example]Although an example explains this invention concretely, this invention does not have 
the range hereafter limited by this example, [eta] in an example is the limiting viscosity 
measured at 135 ** by using a tetralin as a solvent. 

[0034]In the 300-ml round-bottom separable flask which carried out the example 1 nitrogen 
purge, dichlorobis (benzonitrile) palladium 0.001 millimol, 10 ml (50 millimols as norbomene) 
of toluene solutions of the norbomene of 100 ml of drying toluene and 5-mol [/I. ] concentration 
and water Immol were taught and warmed, and it made with a 50 ** homogeneous solution. 
Here, triphenylmethyl tetrakis (pentafluorophenyl) borate 0.001 millimol was added here, and 
chuming was continued for 15 minutes at 50 **. Then, this reaction mixture was invested in 100 
ml of methanol, and RO ** of the precipitating white solid was carried out. The yield of the 
polymer which obtained it with methanol by carrying out reduced pressure drying of this solid 
after washing was 288 mg (1 150 kg/mol-Pd as 6.1% and catalytic activity as an inversion rate of 
norbomene). The absorption based on a caibon-carbon double bond was not observed in the 
infrared absorption spectrum of this polymer, but it was confirmed that this polymer is poly 
norbomene of saturation structure, [eta] of this polymer was 0.63 dl/g. 
[0035]Except having changed the water in example 2 Example 1 into 40% glyoxal solution 
145mul, it was operated like Example 1 and 1.44 g of poly norbomene was obtained. This yield 
corresponds as an inversion rate of norbomene, and is equivalent to 5760 kg/mol-Pd as catalytic 
activity 31%. The system of reaction was presenting the slurry form to which the formed 
polymer was suspended in toluene. 

[0036]Except- having changed the water in example 3 Example 1 into 1.0 mol/1. of chloride 
18mul, it was operated like Example 1 and 305 mg of poly norbomene was obtained. This yield 
corresponds as an inversion rate of norbomene, and is equivalent to 1220 kg/mol-Pd as catalytic 



activity 6.5%. [eta] of the polymer was 0.28 dl/g. 

[0037]Except having changed the water in example 4 Example 1 into 60% perchloric acid 
solution 160mul, it was operated like Example 1 and 1.84 g of poly norbomene was obtained. 
This yield corresponds as an inversion rate of norbomene, and is equivalent to 7350 kg/mol-Pd 
as catalytic activity 39%. The system of reaction was presenting the slurry form to which the 
formed polymer was suspended in toluene. 

[0038]Except having changed the water in example 5 Example 1 into 31% hydrogen-peroxide- 
solution 18mul, it was operated like Example 1 and 338 mg of poly norbomene was obtained. 
This yield corresponds as an inversion rate of norbomene, and is equivalent to 1350 kg/mol-Pd 
as catalytic activity 7.2%. [eta] of this polymer was 1.23 dl/g. 

[0039]Except having changed the water in example 6 Example 1 into 42% hydro acid [ dim-ized 
] solution 209mul, it was operated like Example 1 and 1.447 g of poly norbomene was obtained. 
This yield corresponds as an inversion rate of norbomene, and is equivalent to 5790 kg/mol-Pd 
as catalytic activity 31%. The system of reaction was presenting the slurry form to which the 
formed polymer was suspended in toluene. 

[0040]Except having changed the water in example 7 Example 1 into boric acid, it was operated 
like Example 1 and 585 mg of poly norbomene was obtained. This yield corresponds as an 
inversion rate of norbomene, and is equivalent to 2320 kg/mol-Pd as catalytic activity 12%. [eta] 
of this polymer was 2.38 dl/g. 

[0041]Except having changed water Immol in example 8 Example 1 into tongue strike IV 
phosphoric acid hydrate 0. Immol, it was operated like Example 1 and 1.24 g of poly norbomene 
was obtained. This yield corresponds as an inversion rate of norbomene, and is equivalent to 
4950 kg/mol-Pd as catalytic activity 26%. The system of reaction was presenting the slurry form 
to which the formed polymer was suspended in toluene. 

[0042]Except having changed water Immol in example 9 Example 1 into tongue strike IV 
phosphoric acid hydrate 0. immol and water Immol, it was operated like Example 1 and 1.83 g 
of poly norbomene was obtained. This yield corresponds as an inversion rate of norbomene, and 
IS equivalent to 7320 kg/mol-Pd as catalytic activity 39%. The system of reaction was presenting 
the slurry form to which the formed polymer was suspended in toluene. 
[0043]Except having changed the water in example 10 Example 1 into 1.0 mol/1. of acetic acid 
18mul, it was operated like Example 1 and 1.25 g of poly norbomene was obtained. This yield 
con-esponds as an inversion rate of norbomene, and is equivalent to 4990 kg/mol-Pd as catalytic 
activity 27%. [eta] of this polymer was 2.33 dl/g. 

[0044]Except having changed the water in example 1 1 Example 1 into 1.0 mol/1. of formic acid 
I8mul, It was operated like Example 1 and 0.398 g of poly norbomene was obtained. This yield 
corresponds as an inversion rate of norbomene, and is equivalent to 1590 kg/mol-Pd as catalytic 
activity 8.5%. [eta] of this polymer was 2.62 dl/g. 

[0045]Except having changed water Immol in example 12 Example 1 into triphloroacetic acid 
Immol and water Immol, it was operated like Example 1 and 307 mg of poly norbomene was 
obtained. This yield corresponds as an inversion rate of norbomene, and is equivalent to 1240 
kg/mol-Pd as catalytic activity 6.6%. [eta] of this polymer was 0.37 dl/g. 
[0046]Except having changed the water in example 13 Example 1 into phenol, it was operated 
hke Example 1 and 276 mg of poly norbomene was obtained. This yield corresponds as an 
inversion rate of norbomene, and is equivalent to 1 100 kg/mol-Pd as catalytic activity 5.9%. 
[eta] of this polymer was 0.36 dl/g. 

[0047]Except having changed the water in example 14 Example 1 into pentafluorophenol, it was 



operated like Example 1 and 175 mg of poly norbomene was obtained. This yield corresponds as 
an inversion rate of norbomene, and is equivalent to 700 kg/mol-Pd as catalytic activity 3.7%. 
[0048]Except having changed the water in example 15 Example 1 into 4-methoxyphenol, it was 
operated like Example 1 and 270 mg of poly norbomene was obtained. This yield corresponds as 
an inversion rate of norbomene, and is equivalent to 1080 kg/mol-Pd as catalytic activity 5.7%. 
[eta] of this polymer was 0.57 dl/g. 

[0049]Except having changed the water in example 16 Example 1 into hydroquinone, it was 
operated like Example 1 and 436 mg of poly norbomene was obtained. This yield corresponds as 
an inversion rate of norbomene, and is equivalent to 1740 kg/mol-Pd as catalytic activity 9.3%. 
[0050]Except not having added water Immol in comparative example 1 Example 1, when it was 
operated like Example 1, 150 mg of poly norbomene was obtained. This yield corresponds as an 
inversion rate of norbomene, and is equivalent to 600 kg/mol-Pd as catalytic activity 3.2%. [eta] 
of this polymer was 0.20 dl/g. 

[0051]Except having changed water Immol in example 17 Example 1 into water lOmmol, it was 
operated like Example 1 and 892 mg of poly norbomene was obtained. This yield is equivalent 
to % as an inversion rate of norbomene, and equivalent to 3570 kg/mol-Pd as catalytic activity, 
[eta] of this polymer was 1.92 dl/g. 

[0052]Except having changed water Immol in example 18 Example 1 into water 50mmol, it was 
operated like Example 1 and 1.31 g of poly norbomene was obtained. This yield corresponds as 
an inversion rate of norbomene, and is equivalent to 5220 kg/mol-Pd as catalytic activity 28%. 
[eta] of this polymer was 2.74 dl/g. 

[0053]Except having changed water Immol in example 19 Example 1 into water lOOmmol, it 
was operated like Example 1 and 1 .28 g of poly norbomene was obtained. This yield 
corresponds as an inversion rate of norbomene, and is equivalent to 5130 kg/mol-Pd as catalytic 
activity 27%. The system of reaction was presenting the slurry form to which the formed 
polymer was suspended in toluene, [eta] of the 135 ** tetralin fusible part of this polymer was 
dl/g. 

[0054]Except having changed 100 ml of drying toluene in the example 20 comparative example 
1 into 100 ml of water, it was operated like the comparative example 1 and 818 mg of poly 
norbomene was obtained. This yield corresponds as an inversion rate of norbomene, and is 
equivalent to 3270 kg/mol-Pd as catalytic activity 17%. The system of reaction was presenting 
the slurry form to which the formed polymer was suspended in water. It was insoluble also to 
toluene in this polymer. 

[0055]Except having changed 1.0 mol/1. of acetic acid 18mul in example 21 Example 10 into 
0.01 mol/1. of acetic acid 18mul, it was operated like Example 10 and 712 mg of poly norbomene 
was obtained. This yield corresponds as an inversion rate of norbomene, and is equivalent to 
2850 kg/mol-Pd as catalytic activity 15%. [eta] of this polymer was 1.81 dl/g. 
[0056]Except having changed 1.0 mol/1. of acetic acid 18mul in example 22 Example 10 into 0.1 
mol/1. of acetic acid 18mul, it was operated like Example 10 and 1.382 g of poly norbomene was 
obtained. This yield corresponds as an inversion rate of norbomene, and is equivalent to 5530 
kg/mol-Pd as catalytic activity 29%. [eta] of this polymer was 2.79 dl/g. 

[0057]Except having changed 1.0 mol/1. of acetic acid 18mul in example 23 Example 10 into 10 
mol/1. acetic acid 18mul, it was operated like Example 10 and 902 mg of poly norbomene was 
obtained. This yield corresponds as an inversion rate of norbomene, and is equivalent to 3610 
kg/mol-Pd as catalytic activity 19%. [eta] of this polymer was 1.87 dl/g. 

[005 8] Except having changed churning time 15 minutes in example 24 Example 1 in 60 minutes, 



it was operated like Example 1 and 844 mg of poly norbomene was obtained. This yield 
corresponds as an inversion rate of norbomene, and is equivalent to 844 kg/mol-Pd as catalytic 
activity 1 8%. [eta] of this polymer was 0.89 dl/g. 

[0059]Except having changed churning time 1 5 minutes in the comparative example 2 
comparative example 1 in 60 minutes, it was operated like the comparative example 1 and 350 
mg of poly norbomene was obtained. This yield corresponds as an inversion rate of norbomene, 
and is equivalent to 350 kg/mol-Pd as catalytic activity 7.5%. [eta] of this polymer was 0.55 dl/g. 
[0060]In the 300-ml round-bottom separable flask which carried out the example 25 nitrogen 
purge, palladium acetylacetonate 0.002 millimol, 3 ml (30 millimols as norbomene) of toluene 
solutions of the norbomene of 27 ml of drying toluene and 5-mol [/I. ] concentration and water 
20nunol were taught and warmed, and it made with a 50 ** homogeneous solution. Here, 
triphenylmethyl tetrakis (pentafluorophenyl) borate 0.002 millimol was added here, and churning 
was continued for 5 minutes at 50 **. This reaction mixture was invested in 100 ml of methanol, 
and RO * * of the precipitating white solid was carried out. The yield of the polymer which 
obtained it with methanol by carrying out reduced pressure drying of this solid after washing was 
790 mg (4740 kg/mol-Pd as 56% and catalytic activity as an inversion rate of norbomene). The 
absorption based on a carbon-carbon double bond was not observed in the infrared absorption 
spectrum of this polymer, but it was confirmed that this polymer is poly norbomene of saturation 
stmcture. [eta] of this polymer was 3.25 dl/g. 

[0061]Except not having added water 20mmol in comparative example 3 Example 25, it was 
operated like Example 25 and 177 mg of poly norbomene was obtained. This yield corresponds 
as an inversion rate of norbomene, and is equivalent to 1060 kg/mol-Pd as catalytic activity 13%. 



[Translation done.] 
DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l]Drawing 1 is a flow chart figure for helping an understanding of this invention. This 
flow chart figure is an example of representation of the embodiment of this invention, and this 
invention is not limited to this at all. 
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/U) nyl/^Ky- V y yA'i^Uif^X/— Vm<n)^y y^A 

7-tf-;p7-b h Ym<nu±mwm^mfh z t tfix- 

^h. C:ii^.<7)4>T1ffSLv^||lOteg»^M^L^{± 

m Uv^mi 0ffi^^JS^l:^{i/N'7x'>A<7){b-^ 
■C*>l.. #tift Lt^^^^Wl:^ (A) ti. ig^VN- 
^y'-^A. ftYlyN*7v''>A. 3'>fl^''?7V'>A. 
^i^'-^A. mt^-^yy^M,. mmJ-^yy'yj^. -y^uxD 
t'X (7-fehXh"J;l/) J-^yiy^J^^ i/^'ODt'X ('^ 
yy-hU/P) j^yV^Jx^ mff^yyf?AT'ti')i'T 
^V^^-VX'hh. 

[00 17] (3) w»^m^-^mtmLx^ty'&. 

WHftSrJgjRTSfli^ft (B) 

RfiSLT-f 3fytt<os«si&}^j£-rsik^T*s. m 

(B) <i, S^^E^t^traELT^Jj-yttiOm^ 
ffiL<{±-fl:^ (B) M^^m-ft^iiios 
[ 0 0 1 8 ] ift L<<i, ( B 1 ) ^m^m^-^^ii 

i-ptyiz L«j£t-^l^iH4'lf7x:t y(c=5:& Zti/^X^. 
iJU^XSt. (B2)-m G* A- ({BL. G* Ji 

^^J^S:K{l:LT;<?f-^yt-r-S C: t*^'T-^ 

ft<^i:oT'i'-s*f-^yT-j>o. A- mmm.7- 

^yXhh, )X-m.^ith{^-^'^. tL<{i(B3)- 
jR^(L-H)*A-(fflL. L{±ttjtt;MX*gST'J) 
0. (L-H) Miyuyxr-y HKTAO, 
$r;!?^5j-y{~-ri.Ci:*«T'^, -?-LTA- {i;|^E{itt7 

[00 19] J:'9ffSL<{i, (BI), (B2), 

{ B 3 ) M^fi^M^'^mt'^'ikxhh. 

[00 20]±g<7);MXB!(Bl)(i, $^>lc:»^L 
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<ii. BQi Q2 Q3 Tm^tihts^mit^ 
Thi. fit. 'Q^±3mm.'f-mw^<r>it^^^mwi'fx% 

i&'S-O^'fbK^S. l-'2 0f@o^|^^^'i-tf>'Nay 
Wll^^L^k^S. 1-2 Oiico^ig^ ^^tf^S^ 'J 
yUS. l'-2 0fl§O^JK^^^tf7/Pa^>'SS/v!(i 
2'-4 0fiO^iI^5'-^tf2aiST$/ST'ft'9. f 

t0021]/K;:^K(Bl)<^ftflc(?JtLT<i:. 
(2. 3, 4. 5~xh^7;P:tn7x-yl/) .if^y, 

hy;<(2. 3, A-hoy/UT^uyji-ju) :r:yy[ 

7x:^yUh';^ (^V:^7;P:tn7x:^;U) ;fc^>^;i,^^ 

[0022] m(7y-m.O- A- T^$^li>^^it«3 
(B2)^. $/^(CS:^L<^. -jRiCG^ (BQi Q 

B(i3fll^0J!g^it@(7);i;T>^j(g^^.j^r^^ qi 
(iiffitO/MxK (B 1 ) (Ci5(t^Qi tig^x' 

[0023] (BQI Q2 Q3 q4 ) - 

:tyTh6G* N'J7xii;M^/l.;5rf>>t-y^:t' 

mif^tih. ^mmET^yi-yThi (bqi q2 q 

3 Q* )- Wi. 'fh7^x (^y5'7;l->rD7x- 
;P) ;fClx-h, f h^^X ( 2. 3. 5. 6-rh^7 
/^:t0 7x:::;l') fhy^X (2, 3, 4, 

5-xh77;^>}-n7x-;P) 7i(u-h. f-hy^x 
(3. 4, 5-hU7;^>J-n7x:^/U) 
7^;^ (2, 2, 4-MJ7/^^n7x~;^) .tCU- 
7x:^;Uh';^ (^>':^7;P>rD7x-;P) .tClx- 
if^h^^;^ (3. 5-l::'Xhy7;^>ro;<f-;l.7x 

[0024] ^tli^<7)mm^m^^h^t lXi±. 7 
xn-fe:z»>Af h7^x (^>'i5^7;U:tD7x:i;U) 
^•^^> 1.1' -i/^f~y^7xn-fe:~»>ATN^^7. 
(^>:$'7yU:tD7xr:yl.) Sxh7:t;^ 
(^^^'7/U:tD7x:i/P) .ifU^h^ hy7x-;M 
f-/^7'h7^X (^>:^7;U;tD7x~;U) ,1fl/-h^ 
M;7x:::/Mf-;P'rh'7=¥x (3. S-h'xhVyjU 

ItiK gt»SL<(i. ^U7x:I;M'f/^T^7^J:^ 
(^>:$'7/U:tn7x-;l') .tCl^-hrj)^, 
[0025] i/vT. ±iao-fig^(L-H)^ A- T'^ 



(L-H)* (BQI Q2 Q3 Q4 )- Tm^tlht^^ 

[0026]-^(L-H)* (BQI Q2 Q3 Q 
' )- T^?*L^{b^it*/^ft«^fi?!ItLT(±. 7'Uy>^r 
yVMThl (L-H)* i,Zi±^ hVTJU^/umi^Ty 

^fl. ^^SE{4ttr-:t>'T'fc-& (BQI Q2 Q3 Q4 ) 

[0027] C:ti^(7)M:m^j:m^^h-ftk LXli. h 
'Jxf-;P7y^~'>Af-N^^;^ (^y^7;P;t-n7x 
^;U).tv^~h. bUrntr;l/ry^-':7Af-N7^X 
(^>'r5'7;U:t07x~/U) ;jfU-N^ i; 

T'f-zu) ry^^^Axh^^x (^>^7/p^n7x 

■rN7^X(3, 5-h'XhU7;U:tn^f-;U7x::: 

;^ ('<y:$^yjutxjyjL-ju) tcu-h. n. N-f/x 
f-;^7:^y-'>Af-h7^X (^y^7;^>j-07xx 
;U).t:ix-h^ N, N-2, 4. e-'^yr^'^f-yPT- 
•J:::*>Af h^^;^ (^y:5^7y^^n7xx/u) ;fru^ 
N, N--i;^^'^;^rxiJ:iT^Axh7^X (3,5 

-fxM;7;P:tD^f^;U7x-;P) .-KU— i^^fy 

ruh'/Ury^E^.^J^f'hy^X (^y^7;U:t07x 

(^y:^7;l':to7x-;P) hy7xx 
;P7j;X:^XT>Axh7^X (^y^7;U:tn7xX;p) 
'■i<l^-h. hi; (-Xf-yl-7xX;P) ;^;^;};-i>A7^h7 

(^V:J^7;U:to7xz:;U) .tci^-h, hy (s;^ 
^yP7xx;L.) inxrt^-^Ar-hy^x (^y^yjvt 

tjSF^L<{i. by (y;l^-7/U7'f-/l^) 7y^x»>A-f 
h7^;^ (^yr5^7;^>^^7xx/^) .itv-h. tL< 

ii. N, N-S/Vf-;U7xyx»>Af'h7^X (^V:^ 
7;U:tn7xX;L.) .t^U-hTJ)^. 
[0028] (4)7)<^?t<ii?(C) 

m,tLxmL<i,tr\yyxr'yYmThh. z;i 

xyuyx7-y}iMti±. rahy^r-^lhitmir^'t 

xhiiii. mzm^^ti^i,(oxu^j:\^\ mc^Mi^mt 
Lxii. ^m. mm. mm. j&w^m. m 

mm. 7^^y:^'ym. S^uak. ilStfbK^Tk. 

ii 0 ^^itmmc^mm ^ ^ h y y^. ^ y 

rny yK^co^-rDTKyK^/c^^^^fclPti : 

7'Dt>r>K. hy7nnifK. ^yrJ'nnS 
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DD7xy-;U, th'D^yy, 7'D^r7x/— /P. ;>« 

h^i'7xy-/u. >'7y7xy-/k rsy7xy- 

-hD7x/-;K '<>'^7D07xy-;l^tf)7 

[00 29] »^ tV>7"^y;^r yHiE{i. JS^. iiig 

;k 7xy'— ;k '<y^70D7xy— ;k 4-^h=5r 
i^7xy-/k ^-U-y-zk bKo:af/VT-*^. ^^X 

(00301 (5) l5«t3j-k7^>1SS-&ffl|j!l!« 

*i6Bflo:i<^;f U7 ^ ymm-^mmm. ±ie ( a ) ^ 

(B) m (c) &^i:-t^t&mx'$> 
s. ztihmm. mm. m^mmr (a)& 

^. (B) mm ( c ) mi:=tif>^^ immt l 

[ 0 0 3 1 ] ( A ) cr,mmmimiiii6m:^uy 

M^. jsMSixSt/v-tc^LTO. 00001 — 1 
i!fiL<Jio. 0001—0. it;u%T*> 
^. fiE^i- (B) <7)lsOTJIi,T$fcMliS$^i^:i<^*»\ 
(A) l=e)U'^t:<o. m^O. i~lOOtykifSL 
<«0. 5~10t/l.-CJbS. fi£^(C)<Dffiffl«t* 

it, um^iiiztm^'^i}'^. mnm^ (a) 

0 , 0 . 0 0 1 ^JUiiLtX'hh. nt L<«M^i- 
(A) l^jU^t^f). 0. l~1000 00t/l'SJgT' 

^1.*^ ±&izmixmm^ttxm^^h;iki>-s! 
^x'h&. 

[0032] (6) Stt5!-U7-* y^a^ios^ 

*^Hflfci3(,^T. m^irmiimzm^^tihK^hcox' 

^^-uy^o^gj^-ffcTKig. p<f-uyi/'^'n7^ 
xf-py^'^'D^-Y H^O^'Noyy-ft^^bK^, p< 
^y-yk x^y-;u, ro^v-yu, r^^y-zu^co 
Typn-yl^, i^'x-^yl^x— fyl-, f h 7 1 KD7 5 y 
^x-t;u, T-bhy. ^f-zl^x-f/i^^hy, 
VT'f-yl'irhy^t^j^j.yjgcOffi. mm. ^m. iiS 

Lxmmzm\'^i>m!m-^. xtix^y-s-g-, 



[00331 ma.'^'^xy y-a^tcfev^T, a^js 
s«i3i^- 5 o~2 0 0-ccoiGii^KOtii.*^ 
-20-10 o-ciTimmmt L < . m-^mm. 

~6 0kg/cm2 G*«»^U\ ^fflg-^tCiJV^T 

i±. m-^&mie o- 1 2 ox;. m.^E:fjii 1 ~3 0 k 

5 0~3 0 0-C, fi^S:^{i3 00-2 5 0 0k 

hn^. ^^mitpis>hmmi,zSiy)^<nwm^m^^ix 

Thy*) y^mkb Lx 1 3 5x:x-m%LtzWiWS.<r> 

ztx'hi, 

[0034] mmi 

M^^L!t3 0 0m 1^0}tUg■fey^■77'y^7 7X3t^3tc 
£/?^'ODt*;^ (A^yy- hU/U) /N'^v-^^AO. 00 1 

i'J'tii'. JM^h/u-xy 1 0 0m k 5^yu/'Jvh;u 
ilKco/yP^Ol-^^yco h;uxyJt?K i o m 1 ( /;ki</P 
4^yt LTSOSUt/P) , *lmmo 1 grfta^, Jp 
fiLT5 0-COJ%-^J8tfc^U!t. JlCl^, h'j7x- 

;i'^^;Urh7^;^ ('^y:5'7yi':tD7x-/i/) --J?u— 
NO. 0015 U^yl-SrjD;?., 5 OrT-l 5ii-fSaSf 
«?»t!t. -eoJIi, KRl5}RSr;^^'y-;H 0 Om IKS 

X-mik. jSEiaiLT#/>:a-&ft<5DiRfi{i2 8 8mg 
( y;l';Jf/l'^>'cr)^^k^i: LT 6 . 1%. MmHb I 

XI 1 50kg/mo 1 -Pd) X'i,-oti, UM.-^W<r> 

ip9\-mLx^9 vMz\±sm-^mzMs&^<izm'^<^ 
yx'$)?>ztf)mi^(>tifz. tt:. tm^ikffi 

«0. 63d X/sX'h-^tz. 
[0035] IIS6W2 

mMm 1 (;fc(ti.7K2: 4 0 ■:^^^-)Vymm. 1 4 
5 1 tc^iJtwMiHsei?!] 1 h nmz)^^ l . --k'; y 

fi-Tit/u^^yi. 44g2:i#/c. ^coiRfiiiy/klfyM^y 
<OK{l:$fc LT 3 1%, tt«E«tti: LT 5 7 6 0 k g/ 
mo 1 - Pd{;fflS-rs. ra5^(i^a^ft*5h/Wx 
y {C@}5 LJtX 7 'J S LT t . 
[00361SIIIM3 

^te^l (cfctt?.*?- 1 . 0 t/P/'J x h;U(JD^g?l 8 
u 1 fc:S:t/cWi'HillM0iJl tPI«lcMf^L, ^U/;P 
.-K/M-ys 0 5mg?-f#fc. ^:<oJR*{4y/i'H?;M->y<o 

Kft^tLXe. 5%, fiMvStttLTl 2 20kg/ 
mo l-PdUfflSt^. ^^c. a^{*<0 [,7] (io. 
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28d X/sX'hnfz. 

[0037] mmmA 

mim 1 1 tjjts 6 0 %j@jg^K*jgfg 1 6 0 /X 1 

$f:Lt39%. j!jSSEvitttLT7 3 5 0kg/mo 1 

10038] »fifl«15 

1 (cfettS*^ 3 1 %JiK'fb*^7K 1 Sju 1 (c^ 
tHtttcttf^L. .-K'jy^utOM^y 
3 3 8mg2ri#;t:. ClOJRfiliyyP^rOl'^fycoiK-ft^i: 
LT7. 2%. fi4Jiffitti:UT13 50kg/mo 1- 
Pdtffli-rs. i;ts M^*<0[77]Jil. 2 3d 
l/gT'J>o)t. 
[00 3 91 ||iSfi>i6 

^il«?i|l(Cfc{t.6*S:4 2%{53^-5'(b**i?*^M2 

0 9a 1 iz^ttzm^m^mi mm<,zm-L. 

J)Vif^lV^^-y 1 . 4 4 7 g Sr#;t. ::<r)IRft{iy;P,-jf7U 
^^>-C0K{t;$t LT 3 1 MMJSttt LT 5 7 9 0 k 
g/mo 1 - PdUffi^-tS, SJE.l«i4^^«c*«N 
;Pxy fcr^S L/s x 5 U -tt 2:M LT v ^/t . 
[0 04 0] HSg^J? 

^tca^f^L. '-Kuyyu-K/M-ysssmg^tt^t, 
miiJ)V^^ii':^y<rm.m^t LT 1 2%. ^vStti: 

LT2 320kg/mo 1 - Pdtffi^-TI,. tl^t, K 
[77] (i2. 3 8d l/gT-Sbo^i. 

[0041] mms 

%Wm\\,Zii\,fhy\(.lmmo 1 :5'y^XMV0^K 
*ft?^l0. Immo ItC^iJtmtiHifieailtlim^ 

Sf^L. 24gi&ffyi. CLfJOJRft 

{iy;U;K;M^V£0e'fk$i;LT2 6%, MSEvSttfc LT 
495 0kg/mo l-PdtCfflS-fS. Wmit^ 
fi^*5h/Wxyfc:S)SL;tX7 'J-ttS:MLTV^-t. 
[00421IISfeM9 

^fiil|l{C±><tl)*lmmo 1 Sr. ^y^XYlS^AM 
0 . 1 mm o 1 iStl^* 1 mm o 1 {C^i.7tliWKi 
»lfi?iJli:|Siae{cMft5L, --KUyyU-tCyM^vl. 8 3g 
c:(7)iRS{iy;u-tOi^;t^ycoiE{l:$h LT3 9 

fiSIKSttt LT 7 3 2 0 k g/mo 1 - P dtcffi^ 

tl. . K)C.^{44^^*»' h;Pxy(c®}gL3tx y 'J 
-^^5-MLTV^;t. 
[0043]||ifeMlO 

n 1 {cSi./cJjy'MillS6ff9l tl^Stc^fl^L. -if J J)V 
^/M^yi. 2 5gS:f#7t. .rcOiimtiy;l';}?;M^y<0 
e^k*i:LT27%. M«E«ttfc LT4990kg/m 
o 1 -Pdtfflii-^, i;^:. i^'^fto [,7] (12. 
33d l/gT-jfe-:>^c. 



[0044] HJIMl 1 

mm 1 (cfctts*?- 1 . 0 ^)v/ y •/ h/K^dfs 1 8 
*t 1 \z^i.tz\:mm'm\ ti^ata^f^L, 

;}</P:t-y0. 3 9 8g^#y'c. ^cmMM.J)\^if^)V7{^y 
(rymMtVXS.. 5%. fiMvgtttLTl 5 90kg 
/mo 1 -PdtfflSt'S.. t.fz. Kfi^O [^] (i 

2. 62d l/gT-J)-o3t. 
[004 5] lUlfi^ill 2 

UtetRHttJtt&^lmmo ISr. h'J7noPi£lm 
m o 1 Si;f* 1 mm o 1 \Z^x.ti.mWtWm 1 i: 

icSf^L, ^i»y;i'-t';p^^y3 0 7mgj#/i. ;<7)iR 
fi^y;^,■l^/^^>^0«•^b$i:LT6. 6%. smffitti: 
LTl 24 0kg/mo l-PdtCffla-tS. t.tz^ M 

[77] JiO. 3 7d l/gT-J)ofc. 
[0046] «6«1 3 

iissw 1 tciofti.*^ 7 X y-Mz^itimiim.m 

lknmzBi¥L. ^'jy;l'--KyM^y2 7 6mg5r# 

Jt. zcomM.iiy/i'if^/i^^^ycomt^tLx 5 . 9%, 

ftBivSttt LTl lOOkg/mo 1 -Pdlcffiif 

h. ifi.. sa-^o [77] (io. 3 6d i/g-cib-9 

[0047] IIMM14 

WMiMfeM 1 1 ^mizmi^L. ^'J /;u-t';u^>y 1 7 
5 m g $r^f 7t. C:cOIRl;{iy;P*-;U;t>y«Ol5-(li¥t LT 

3. 7%, MiiJStti: LT7 0 0 kg/mo 1 -PdtC 

[0048] MfiMl 5 

Utefiai 1 {C*i(t«.*S: 4 i^7 X y-MZ^lfz 

mmmmmi tmrnizmi^L. --ku y/u*';w^>'2 7 

0 m g ::cOJRfi{iy/t-tOl^;t-ycOls<b*i: LT 

5. 7%. fiM^ttt LT1080kg/mo 1 -Pd 
tfflS-tS. in:, Sifi^cO [»7] «0. 57dl/ 

iooA9^mm\ 6 

fi?ij 1 1 wmt^zm^L. '-Ku y/i-t'/i-^-yA 3 6 m g $r^# 

/c. C:cO)RS(iy;l'--)f;M^y(7)S-fb*tLT9. 3%, 
ftHljStti: LT1740kg/mo I-Pdfclffli-r 

[0050] immi 

HiSMltrfeV^T*! mmo 1 ^Jni.^r*>-5;ftetWill 
f£M 1 i: ISiatcJif^ Lit t C: 5 , '-K 'J y ybrfC/P:?^ y 1 5 
0 m g ^nfz. C:c7)lRa{iy;U;Jf;M->c7)$E'ft;*f: LT 
3. 2%, ItjKvSttfcLTeOOkg/mo 1 -Pdfc 
mt?>. tfz. gtfi^««7) (iO. 20d l/g 
T-A-5f^. 

[005 1] j|MWl7 

SSfeplJl tJoft^-Tkl mmo 1 SttK 1 0 mm o 1 dZ^l 

fzmi±mmm 1 1 PiacMf^ l . <-k u yju^^ji^^^ya 
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9 2mg$rf|7t. ::OlRfi(iy;P,ifyU:t.>-oe'fl:$t I 
X%, MmSitt LT3570kg/mo 1 -Pdfcrffl 

^■rs. ttz.mm^m>[77:nii. 92di/gf 

[OO5 2]^i60l|18 

^0ll{Cfcttl>*lmmo 1 5:*5 0mmo 1 iz^l 

1.31 strmc, c:^^JRM{iy/p--K;u:T.y<7)is-fb$i; 
LT28%. fi!l!iKfitttLT5 2 20kg/mo 1 -P 
dtCfflS-rS. S/c. Sai^ftO l7j-\ {i2. 74 d 1 

/gf&oTt. 

[00 5 31IUfi(?!ll9 

^Ml{CfcftS*lmmo 1 5:*1 0 Ommo 1 l,Z^ 

1. 2 8g$:t#;rc. C:coiRfi<±y/l'-t0l-:T-y<7)g^t$i: 
LT2 7%, fitJKJgttfcLTSl 30kg/mo 1 -P 

fc:^y>J-m^lX\'^fc, KS^<?)1 3 5-CTh7 
i;>'^^gSO [77] {id l/grS)-o;^:. 
[0 0 54]|?M(^]20 

ifcK«a|ltC*>(tl.flK*b;l'X>'l 0 0m 1^*1 0 0m 

1 t:^;t;tJ3li'Milt«tM 1 b mizMi^L. --K'J /;i^--J^ 

mtLXllX. MStttLT3 2 7 0kg/mo 
[00 5 5]»6M2 1 

1^0. 01 t/u/>j -y h)i^ff)mm i8ui iz^tfza 
mmmmiotmi,zmi¥L. ^Kuy/i^^^yM^y? i 

1 5%. (i!l!itvStttLT28 5 0kg/mo 1 - Pdt 
fflS-ri., ilf^, m-^ffi [77] Jil . 8 1 d 1 /g 

[00 56]||tS^j22 

1 0fc*3(tl> 1 . O^/U/O -y h/K7)P®E 1 8m 
I S- 0 . 1 =e:;U/ >J y h/P«7)g^K 18fxl iZ^lfci^M 

am&m i o t nmizmi^ l.j^^o yjuttfu^^ yi. 3 

29%. IM?Stti:LT5 5 30kg/mo 1-Pdt 
ffii^l.. S7t, SS^CO W2. 79dl/g 

[00 57]MIW123 

OttJftS 1 . 0*yP/'J -y 8 
1 $r 1 Ot/U/'J V h/l-commi 8u 1 {c^i.JtWNl 
»5feM 1 0 1 BlSlcSf^L, --K' J y/l-7t()\^^-.y9 0 2 m 
gSr#3t. ^:<0iRfi<i:y/U,-}f/P;^.yi7)gft*t Lt" 1 9 
fi4*KvS1tfcLT36 1 Okg/mo 1 - Pd(cffi3 
-rS. Jil. 87di/gTJ) 



[00 58] mm2 4 

mmm i tfctt-sa^^s i s^)-^ 6 o^t^;c.!tu«'h 

W^JSfi^i fcHtttcjtf^L, ^'Jy;u^/M^y84 4m 
g?:tf/s. ::«JRfi(iy/u;t^/u;T-ycoiK<[:$t LT 1 8 

MSE?Stti:L'r84 4kg/mo I -PdtCffl^-f 
[77] {iO. 89d l/gf&o 

100 59] Jt«^J2 

mm 1 izmmn^ is^^e o^tz^ttim 

it&Wii kmmizHi^L^ .-K'j y/ut:/u^^y3 5 Om 
g dcoJEStiyyi-^VP^-yiOgil:^ t LT 7 . 
5%. 84«EiSttfcLT3 5 0kg/ino l-PdlCffl§ 
■t^. *Jt, Kj|^<if:<0[77](iO. 5 5dl/gT'* 

[0 0 60] ||MC^2 5 

^^fij^L;t3 0 0m lc7)jtU|g-t:.'\-57'/l'y5X3i|)fc: 
VN'^i^'-^Ar-fef-Zl^r-fe h:t^- hO. 0 0 2 5 Ut/l/, 
ffiblchyPxv2 7m 1 , St/l'/y hyUiiScD/yP-if 
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